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Description 

CONDITIONING METAL SURFACES BEFORE PHOSPHATING THEM 

FIELD AND BACKGROUND OF THE INVENTION 

This invention generally concerns the art of phosphate conversion coating treat- 
noents that are executed on the surfaces of such metals as iron, steel, znio-plated steel 
sheet, aluminum, and magnesium alloys. More specifically, the invention concerns a 
composition and process for conditioning metal surfaces prior to such conversion treat- 
ments in order to accelerate the conversion reactions, shorten the treatment time, and 
microstze the phosphate coating crystals. 

The fbmnation (rf dense, microfine phosphate coaling crystals is considered desfo-- 
able both within the realm of automotive phosphate treatments and within the realm of 
the phosphate treatments associated With plastic working. The fomiation of such a coat- 
ing is considered desirable in the former case in order to improve the post-painting 
oonosion resistance and in the latter case in order to reduce friction during pressing and 
extend the life of the press tooL in order to obtain dense, microfine phosphate coating 
crystals, a surface conditioning process is executed prior to the phosphate conversion 
coating treatment, with a goal of activating the metai surface and producing nudei for 
deposition of the phosphate coating crystals. The fbllawing treatment sequence is a gen- 
erattzed axanv)ieof the phosphate conversion coating processes used to produce derise, 
microfine phosphate coating crystals: 

(1) Degreastaig; 

(2) Tap water rinse (multistage); 

(3) Surfece condittoning; 

(4) Phosphate conversion coating treatment; 

(5) Tap water rinse (nuiitistage); 

(6) Purified water rinse. 

The surfooe conditioning step is used to induce the formation of dense, microfine 
phosphate coating crystals. Compositions used for this purpose are known ftom, for 
example, Untted States Patent Numbers 2.874,081, 2,322,349, and 2,310;239. in which 
titanium, pyrophosphate ions, orthophosphate ions, and sodium ions are disclosed as the 
main constituent components in the surfece conditioning agent. These surftice condition* 
ing compositions, Icnown as Jemstedt salts, contain titanium ions and titanium colloid in 
aqueous solution. 

The titanium colloid becomes adsorbed on the metal surface when the de- 
greased, water-rinsed metal is dipped in or sprayed with an aqueous solution of the sur- 
faoe conditioning composition. The adsorbed titanium colloid fonns nudei for deposition 
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of the phosphate coating crystals in the ensuing phosphate conversion coating treatment 
and thereby supports and induces an acceleration of the oonverston reactions and a 
microflne-sizing and densification of the phosphate coating crystals. The surface condi- 
tioning compositions currently in commercial use all employ Jemstedt salts, but a number 
s of problems have been associated with the use in surtaoe conditioning processes of tttan* 
ium colloids obtained from Jemstedt saKs. 

A first problem is the limewise deterioration in the surface conditioning liquid 
corrv)osilion. Aqueous solutions that have just been prepared from the prior^rt surface 
conditioning compositions are in fact very effective in terms of microfine-sizing and 
to densification of the phosphate coating crystals. However, v^in several days after 
preparation of the aqueous solution, these baths suffer from a loss of activity due to 
aggregation of the titanium colloid regardless of whether or not the surface 
conditioning liquid composition has been used during this period of time. This loss of 
activity results in a coarsening of the phosphate coating crystals. 
IS In order to deal with this problem, Japanese Laid Open (Kbkai or Unexamined) 

Patent Application Number Sho 63-76883 (76,883/1988) has disclosed a method for 
maintaining and managing the surface conditioning activity. In this method, the average 
particle size of the titanium colloid in the surface conditioning liquid composition Is 
measured and the surface conditioning liquid composition is continuously discharged so 
20 as to maintain the average partide size l>elow a specific constant value. In addition, 
surface conditioning composition is supplied in an amount sufficient to compensate for 
the amount discharged. While this method does make posidMe a quantitative 
management of the primary factor related to the activity of the surface conditioning liquid 
composition, it also requires the discharge of surface conditioning liquid composition in 
25 order to maintain the acthnty. Moreover, this method requires the discharge of large 
amounts of surface conditioning liquid composition in order to maintain the same liquid 
composition activity as in the initial period after preparation of the aqueous solution. This 
creates issues with regard to the waste water treatment capacity of plants that employ 
thb method, and as a resutt the acthfHy is Mtually mainlittned through a combination of 
ao continuous discharge of the surface conditioning liquid composition and total renewri. 

A second problem is that the acfivity and life of the surface conditioning liquid 
composition depend strongly on the quality of the water used for surface conditioning 
liquid composition build up. Industrial water is typically used to build up surface 
conditioning t>aths. However, as is well icnown, most industrial water contains cationic 
» components, e.g., caldum and magnesium, that make the water Itard", arKi the content 
of this component varies as a function of the source of the industrial vrater tt is known 
that the titanium coitoid which is the main component of the prior-art surtece conditioning 
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baths carries an anionic charge in aqueous solution and is maintained in a 
nonsedinnenting, dispersed state by the conesponding electrical repulsive forces. When 
the cattonic component in industrial water is present in a large amount, the titanium 
coUoid is electricaliy neutralized by the cationic component, so that the electrical repulsive 
5 forces are no longer effective and the activity of the titanium colloid is theret>y rKiHified 
due to the occurrence of aggregation and sedimentation. 

The addition of condensed phosphates such as pyrophosphates to surface 
conditioning baths has been proposed in order to sequester the cationic component and 
thereto maintain the stability of the titanium colloid. However, when added in large 
10 amounts to a surface conditioning Dquid composition, the condensed phosphate reacts 
with the surface of the steel sheet to fbrni a coating, which results in the production of 
conversion defects in the ensuing phosphate conversion coating treatment Finally, in 
localities that suffer from very high magnesium and calcium coricentrattons, the surface 
conditioning liquid composition must be built up and supplied with water using pure water, 
15 which is very uneconomicai. 

A third problem involves the temperature and pH conditions that must be used 
during the surfisoe conditioning process. Specifically, surteoe comSlioning activity cannot 
be generated at a tenrtpeiahjre in excess of 35 X and a pH out^e 8.0 to 9.5 due to ag- 
gregation of the tHaniumcoilold. This has necessitated the use of very spedfictempefa- 
20 tures and pH ranges when using the prior-^ surftee conditioning composition^^ This 
has also made it impossitto to achieve cteaning and activation of metal surfaces on a 
long-term basis using a single liquid composition formulated by the addition of surface 
conditioning compositk>n to a degreaser. 

A fourth problem is the lower limit on the microfine-sizing of the phosphate coating 
25 crystals that can be detained through the activity of the surfece condittontng liquid 
composition. The surfisce conditiortog activity is obtained by the adsorption of the 
titanium colloid on the metal surface to form nudei f6r deposition of the phosphate 
coating crystals. Thus, finer, denser phosphate coating crystals wiB be obtained as larger 
numbers of ooHoidal titanium partides become adsorbed on the metal surface during the 
30 surface conditioning process. 

From this one might at first draw the condusion that the number of titanium colloid 
p»tides in the surface conditioning liquid composition shcHiid ^mpty be increased, i.e., 
that the concentration of the titanium coUoid should be raised. IHowever, when this 
concentration is increased, the frequency of collisions ammg the colloidal titanium 
35 partides in the surface conditioning liquid composition is also increased, and these 
collisions cause aggregation and predpitation of the titanium cdioid. At present ttie 
upper limit on the usable titanium colloid concentration is ^ 100 parts per million by 
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woight hereinafter usually abbreviated as >pm", and it has been impossible in the prior 
art to obtain additional microfine-sizing of phosphate coating crystals simply by increasing 
the titanium colloid concentration beyond this level. 

These problems have resulted in the appearance of methods that use surface 
6 conditioning agents other than Jemstedt salts. For example, Japanese Laid Open (Kokai 
or Unexamined) Patent Application Numbers Sho 5e-156778 (156.778/1981) and Sho 57- 
23066 (23,066/1982) disclose surface conditioning methods in which the surface of steel 
strip is pressure-sprayed with a suspension containing the insoluble phosphate salt of a 
divalent or ttvalent motal. However, since these methods manifest their effftets only 
10 when the suspension is pressure-sprayed against the workpiece, they often cannot be 
used fbr surfeoe conditioning in existing phosphate conversion coating treatment plants 
where this surface conditioning is carried out by ordinary dipping or spraying. 

Japanese Published Patent Application (Kokoku or Examined) Number Sho 40- 
1095 (1,095/1965) has (fisdosed a surface conditioning method in which zinc-plated steal 
15 sheet is fenmersed in a very concentrated suspension of the insoluble phosphate saH of 
a divalent or trivalent metaL The woridng examples provided f6r this method are limited 
to zino-plated steel sheet and have to use very high concentrations of insoluble phos- 
phate salt of at least 30 grams per liter, hereinafter usually abbreviated as "g/L". at a 
minimum in order to obtain surface conditioning activity, 
ao In sum. then, notwithstanding the various problems associated vwth Jemstedt 

salts and the various tactics that have been proposed for dealing with these problems, 
up to now there has yet to ^>pea' a technology capable of replacing the use of Jemstedt 
salts in practical phosphating operations. 

The present invention seeks to solve at least one of the problems described 
25 hereinabove for the prior art and takes as its object the introduction of a novel, highly 
time-stable surtece conditioning liquid composition and process that can be used to 
achieve at least one of an acceieratk>n of the conversion reactions, a shortening of the 
treatment time in phosphate conversion coating treatments, and inducement of microfine- 
sized phosphate coating crystals. 
30 BRIEF SUMMARY OF THE INVENTION 

The inventors discovered that solid divalent or trivalent metal phosphate powder 
of a partfcular size and concentration (i) wNl adsorb onto the surface of a metal wort(piece 
in an aqueous soUilton that contains a particular accelerant component to fomi nuclei Itor 
the ensuing deposition of phosphate coating crystals and (il) will provide additional hm- 
35 provements in the reactfen rate of the phosphate conversion treatment. The major com- 
positional invention accordingly is a surface conditioning liquid composition that charao- 
teristically contains at least one phosphate powder selected from phosphates that conttf n 
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at least one divalent and/or trivatent metal and are sufficiently low in water solubility to 

remain in the solid state when dispersed as a fine powder In the surface conditioning 

liquid composition and also contains as accelerant component at least one selection from 

the group consisting of the following subgroups: 

(1) monosaccharides, polysaccharides, and derivatives thereof; 

(2) orthophosphoric add, condensed phosphoric adds, and organophosphonic add 
compounds; 

(3) water-soluble polymers that are homopolymers or copolymers of vinyl acetate 
and derivatives of these homopolymers and copolymers; 

(4) copolymers and polymers as afforded by the polymerization of: 

(a) at least one selection from: 

— monomers, exdusive of vinyt acetate, that conform to general 
chemical ionnula (I): 

HjOO-COOR^ (0, 
where = H or CH, and »^ = H, Cito C galkyl, or C ^to C 5 
hydroxyailcyl; and 

— other a,P-unsaturated carboxylic add monomers; and, optionally, 

(b) not more than SO % by weight of monomers that are not vinyl acetate and 
are not within the description of part (a) immediately above but are copo- 
lymeiizable with s»d monomers that are within the description 

(a). 

DETAILED DESCRIPTION OF J»E INVENTION AND ITS PREFERRED EMBODIMENTS 
The total accelerant component selected from immediately previously recited 
subgroups (1) to (4) preferably has a concentration from 1 to 2,000 ppm in said surface 
conditioning liquid composition. 

The aforesaid phosphate powder preferably indudes partides with sizes no 
greater than 5 micrometres, hereinafter usually abbreviated as "Mm", and independently 
is preferably present at a concentration from 0.001 to 30 g/L, more preferably at least, 
witti increasing preference In the order given, 0.01, 0.10, 0.30, 0.50, 0.70, 0.90. or 0.99 
g/L Moreover and independently, the divalent and/or trivalent metal present therein » 
preferably at least one selection from Zn, Fe, Mn, Ni, Co, Ca, and Al. 

In a preferred embodiment said surface conditioning liquid composition also 
contains alkali metal salt ammonium salt or a mixture of atl(ali metal salt and ammonium 
salt This aB(ali metal salt or ammonium salt is preferably at least one selection from or- 
thophosphate salts, metaphosphate salts, orthosilicate salts, metasilicate salts, carbon- 
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ate satts. bicarbonate salts, nitrate salts, nitrite salts, sulfate salts, borate saKs, and or- 
ganic add salts and Independently Is preferably present at a concentration of 0.5 to 20 

A process accordhg to the present invention for conditioning metal surfaces prior 
to the phosphate conversion coating treatment thereof characteristically comprises effect- 
ing contact between the metal surface and a surface conditioning liquid composition 
aooording to the invention as described above. 

The surface conditioning Bquid composition according to the present invention has 
a much better high-pH stability and high-temperature staWRty than the colkridal titanium 
of the prior art and as a consequence, through the addition to this Hquld composition of 
akali builder plus nonlonic or anionic surfactant or mbdure thereof, can also be used in 
a process fbr simultaneously executing degreasing and surface conditioning in wrtiich the 
metal surtaoe is both cleaned and activated. 

An exanvie is provided bdow of the separate operations of a phosphate corwer- 
sion coating treatment in v>»hich the surface conditioning liquid composition according to 
the present invention is used for degreasing and surface conditioning in a single process 
operation: 

(1) degreasing and surface conditioning in a single process operation; 
(^) phospliate ctmverslon coating treatment; 
^) tap water rinse (multistage); and 
(4) pure water rinse. 

The use of the suritee conditioning Iquld composition according to the present invention 
to effect degreasing and surface conditioning in a single process operation makes 
possible omission of the w«ter rinse step between degreasing and surface conditioning 
— a feature heretofore unavailable in the prior art Moreover, since the surface 
conditioning Uquid composition according to the present invention can be used over a 
broad pH range and can tolerate the addition of various alkali metal saHs, the degreasing 
and surface conditioning In a single process operation that Is Identified as process 
operation (1) above can be preceded by a preliminary cleaning or a preliminary 
degreasing depending on the particuter surface contamination status of the metal 
woritpiece. 

The essential components in ttw present invention are the accelerant component 
and the metal phosphate powder selected from phosphates ttiat contain at least one 
divalent and/or trivalent metal (hereinafter usually abbreviated simply as tiie -phosphate 
powder"). This phosphate powder, being a component ttwt is the same as or similar to 
tint in phosphate conveision battw and phosphate conversion coatings, win not negative- 
ty afftet ttte phosphate conversion UquM coniposHion even when canied over thereinto. 
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Another advantage to this phosphate poMder is that it also cioes not negatively affect the 
performance of the phosphate conversion coatirtg even when taken into the phosphide 
conversion coating through formation of the nudei in the phosphate conversion coating. 
The following can be provided as examples of the phosphate powder used by the present 
5 invention: Zn^iPO^^^ Zn2Fe{P04)2. Znjl^ifpo^i,, ^hfPOAh^ 2n2Mn(P04)2. Mn^{PO^, 
Mn2Fe(P04)2. Cb^{PO^, ZnfiB[PO^^, FePO^. AIPO^. C0PO4. Co^iPO^i. and the 
sufficiently water insoluble hydrates of all of these phosphate salts. 

The parttde size or the phosphate poMder used in the present invention is pmfor- 
abty not more than, vAih increasing preference in the order gWen, 5.0, 4.0, 3.5, 3.0, 2,5, 
10 ZO, or 1.7 Mm in order to also induce a stable dispersion of the insoluble material in the 
aqueous solution. At the same time, however, the presence in the surfece conditioning 
liquid composition of the present invention of addittonai phosphate powder with partide 
sizes greater than 5 has no adverse influence whatever on the advantageous effects 
of the present invention, which will appear once the concentration of ^ 5 micropartio- 
15 las in the surface conditlorting fiquid composition reaches a certain concentration. 

The desired particle size, and possibly other desirable characteristics, of the soBd 
phosphate powder used in a composition according to the invention, are reacGV md 
therefbre prefiariMy obtamed ty grMing. rnost prBhra^ 
solid phosphate m water in wtuch an acoeleram oonripOTem 
ao unto the desired particle size is achieved. If a ball miU is used, the balls are preferably 
of a very hard ceramic, most (mferably zirconia, and independently preferably have a 
diameter that is not more than, with increasing preference in the order given, 5, 3, 2.0, 
1.5, 1.0, 0.80, 0.70. 0.60. or 0.50 millimeterB. 

iNlot only does the phosphate powder used in the present invention fdrm nudei fo^ 
28 deposition ofthe phosphate crystals, this powder also functions to 

tlon reactions. The concentration of the phosphate powder is |»efierably from 0.001 to 
30 g/L In order to form nuclei for phosphate crystal deposffion and accelerate the kOSM 
phosphate crystal deposition raactions. A phosphate powder concentration less than 
0.001 g/L 0) can not satisfactorily accelerate the initiai phosphate crystal deposition 
ao reactions, because of the correspondingly small amount of phosphate powder adsort)ed 
on the metal surtaoe and (ti) also will not satisfactorily accelerate the reactions due to the 
oonespondingly small number of divalent ortrivalent metal phosphate particles functibrt- 
ing as nudei. A phosphate powder concentration in excess of 30 g/L is simply uneco- 
nomical, became no addSimtf acceieralion of the phosphate conversion reactions is ob- 
as tained at concentrations above 30 g/L 

The present inventors discovered that surface conditionino acthrity appears in the 
presence of any of the accelerant components of the present invention as described 
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heroin, even when treatment is carried out t)y dipping at low concentrations of the 
phosphate powder and without the appUcatlon of any physical force to the nnetal surfeee 
that Is greater than the force supplied by conventional process operations, such as 
cBppmg. stimng. spraying, pumping, or the fike that are conventionally used vwth prior art 
titanium colloidal activators. The present invention operates simply through contact 
between the workpiece and the surface conditioning liquid composition and thus operates 
on a reacUon mechanism that is entirely different from that of the prior art that requires 
robust physical force to accelerate solid phosphate salt particles into the surface being 
conditioned. 

The concentration of the accelerant component in the composition Is preferably 
ftom 1 to 2,000 ppm. At concentrations below 1 ppm a satisfactory surface conditioning 
activity usually can not be produced by simple contact between the metal workpiece and 
the surface conditioning liquki compositten. Not only can no additlorwl effects be 
expected at concentrations in excess of 2,000 ppm, but such concentrattons nnay result 
in an excessive adsorptN>n by the accelerant component on the surfaca of the metal 
workpteoe and hence hinder the phosphate conversion activity. 

The basic structural unit saccharide of the monosaccharides, polysaccharides, 
and derivatives thereof used as accelerants in the present invention can be selected 
from, for example, fructose, tagatose, psicose. sortjose, erythrose, threose, ribose. arabi- 
nose, xytose, lyxose, alk>se, aHrose, glucose, mannose, gulose. idose. galactose, and 
taiose. (For the purposes of the present frwenHwi, a substance that produces two or 
more saccharide units by hydrops of each molecule is designated as a polysaccharide 
and a saccharide that itself can not be hydrolyzed further to produce a lower molecular 
weight saccharWe is designated as a monsaccharide.) 

In the case of the monosaccharides, the basic structural saccharides described 
above will be used as such; in the case of the polysaccharides, homopolysaccharides w 
helerapolysaccharides of the afbrementkmed basic stnictural saccharides can be used; 
finally, derivatives of the preceding can be afforded by the substitution of the hydrogen 
atom of at least one of the hydroxyls In the basto saccharide by a substituent 1^ 
as -NOj. -CH3, -C2H4OH. -CH2CH(OH)CH3. and -CH^COOH. Combinations of several 
apedes of monosaccharides, polysaccharides, and derivatives thereof can also be used. 

The advantageous effects of the invention are independent of the conr«uratlon 
and optfcalrotatton of the bask: stnictural sacchaikie and the Inventton can therefore use 
any combination of Omonosaccharides and L-monosaccharides and both dextrorotatory 
and levorotatory optical rotations. r4or will any problem be created by the use of the 
sodium or wrononium salt of the aforementkmed monosaccharides, polysaccharides, and 
derivatives thereof in order to improve the water solubility of same. Moreover, when the 
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preceding stnictures are poorly soluble in water, they can be used after preliminary 
dissolution in an organic solvent that is misdble with water 

Examples of suitable aoceteant component substances from the above-described 
subgroup (2) are: pyrophosphoric add, tripolyphosphoric add, trimetaphosphoric add, 
letrametaphosphortc add, hexametaphosf^rto add, aminotrimethylenephosphonic add, 
1-hydroxyethylldene-1,1-diphosphonlc add, ethylenediaminetetramethylenephosphonte 
add, diethyfenetriaminepentamethyfenephosphonicadd, and the sodium and ammonium 
salts of the preceding, and the sodium and ammonium salts of any of the preceding adds 
in this sentence. The invention can use a single selection or any combiriation thereof. 

Subgroup (3) of suitable accelerant components as described above are 
exemplified by polyvinyl alcohols afforded by the hydrolysis of vinyl acetate polymers, 
cyanoethyiated polyvii^ alcohols afforded by the cyanoethylation of such poiyviriyl 
alcohols with acrylonitrile, fonnalated polyvinyl alcohols afforded by the acetalation of 
such polyvinyl alcohols with formaldehyde, urethanized polyvinyl alcohols afforded by the 
urethanatfon of such polyvinyl alcohols with urea, and water-sduble polymer compounds 
afforded by the Introduction of the carboxyl group, sulfonic group, or amide group into 
polyvinyl alcohol. Monomers copolymerized with vinyl acetate can be exemplified by 
acrylic add, crotonic add, and mateic anhydride. The benefidal effects assodated with 
the present biventkmwO be fully inanifested as long as the vinyl acetate polymers or de- 
rivatives thereof and/or the copolymers of vinyl acetate and monomers copoiymerizable 
therewith are sufnctently soluble in water. As a result, these effects are Independent of 
the degree of polymerization and degree of functionai group introduction of the subject 
potymers. The invention cari use a single selection from the above-described polymers 
and copolymers or can use any combination thereof. 

In connection with subgroup (4) as defined above of suitable accelerant sub- 
stances: 

monomers that confomi to general chemical fbmiula (I) can be exemplffied by 
methyl acrylate. ethyl acrylate, propyl acrylate, butyl acrylate, pentyl acrylate, 
methyl melhacrylate, ethyl methaaylate, propyl methacrylale. butyl methacrylate. 
pen^ methacrylate, hydroxymethyl acrylate, hydroxyethyl acrylate. hydroxypropyl 
acrylate, hydroxybutyl acrylate, hydroxypentyl acrylate. hydroxymethyl 
methacrylate. hydroxyethyl methacrylate, hydroxypropyl methacrylate. hydroxybut- 
^ methacrylate. and hydroxypentyl methacrylate; The a.p-unsaturated carboxj^lc 
add monomers other than acrylic and methacrylic acids can be exemplified by 
maletc add and crotonic add; 

monomers copoiymerizable wth the preceding monomers can be exemplified by 
styrene, vinyl chloride, and vinytsutfbnic acid; 
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the invention can use polymer synthesized by the polymerization of a single mon- 
omer from amor^ the preceding or copolymer synthesized by the polymerlzattpn 
of any comtrinaton of the preceding monomers. 

The 8uiftK» contfitloning liquid composition aoconSng to the present invention can 
also contain an alkali metal salt or ammonium salt or a mixture thereof. Suitable alkdi 
metal salts and ammonium salts are exemplified by orthophosphate salts, metaphos- 
phate salts, orthosilicate salts, metasilicate salts, carbonate salts, bicarbonate salts, ni- 
trate saKs. nitrite salts, sulfate salts, borate salts, and organic acid salts. The invention 
can also use coml»nations of two or more selections from the aforesaid alkali metal and 
ammonium salts. 

The alkali metal and ammonium setts used by the present invention in general will 
be equivalent to the adkali builders used In commercial cleaning agents. As a conse- 
quence, the activities associated ¥ffth the alkali buiMers in conunerdal cleaning agents, 
Le.. the ability to soften hard vmer and cleaning acHvity with respect to oil, wfll provide 
activity as a cleaning agent as well as additional improvements in the liqukl composition 
stability of the surface conditioning liquid composition used by the present invention. 

The concentration <^ the alkali metal salt or ammonium salt is desirably from 0.5 
to 20 g/L. The hard water softening activity and cleaning activity will not usually be 
satisfadoiy at concentrattons bek)w 0.5 grt^ while concentrations in excess of 20 gIL are 
simply uneoonomka* because no addtttonal bandits are obtained at such 

Unlike the prior-art technologies, the surface conditioning lk|uM compositton 
according to the present inventton has the ability to retain its effects and activities in 
almost any use environment Thus, ttie present invention provides at least one. and in 
favorable instances all. of the following advantages over the prior art-technologies: 

(1) higher time-wise statMlrty; 

(2) less deterioration in conditioning activity when hardness components such as Ca 
and Mg Increase in concentration in the liquid composition; 

(3) ability to be used at higher temperatures; 

(4) aUHty to be mbced with various alkali metal salts without substantial reduction in 
its conditioning Mtivity; and 

(5) higher stabUity over a wider pH range. 

The Rqukl composition according to the present invention can therefore be used 
to cany out degreasing and surface conditioning in a single process operation, although 
prior-art technologies have been unable to continuously maintain stable qualities In this 
type of use. In acUition to the above-described alkali metal or ammonium salts, the lk)uid 
composition according to the present invention can also tolerate the addttion of other 
knowim inorganic alkali builders, organic builders, and surfactants fbr flie purpose of 

to 
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improving the cleaning perfonnance in such a degreasing ♦ surface conditioning in a 
single process operation. Moreover. irrespecUve of the execution of degreasing and 
surface conditioning m a single process operation, a known sequestering agent and/or 
condensed phosphate can be added In order to miHgate any adverse Influence of catlonic 
component carried overlnto the surface conditioning Bquid composition. 

A surface conditioning process according to the present invention may be carried 
out simply by effecting contact between the metal surface and a surface conditioning 
liquid composition according to the Invention as described above; such factors as the 
contact time and temperature of the surface conditioning liquid composition are not 
usually critical. Furthennore. the surface conditioning process according to the present 
invention can be applied to any metal on which phosphate treatment la executed. e.o.. 
iron and steel. zinoi)lated steel sheet, aluminum, aluminum alloys, and magnesium 
alloys. 

The phosphate conversion treatment executed after the surface conditioning 
tnmtment according to the present invention can employ any methodology, e.g.. dipping, 
spraying, electrolysis, and the like. The particular phosphate coating deposited is not 
critical as long as it Is a phosphate conversion coating. e.g.. a zinc phosphate, manga- 
nese phosphate, or caldum/zinc phosphate conversion coaling. 

The use of a surface conditioning liquid composition according to the present in- 
>«mtion wiU be described In greater detaa below through woiWng ^ 
les The phosphating treatment used m the examples Is a zinc phosphating treatment 
fbr underpaht applications, but this treatment is provided simply as one example of phos- 
phating treatonenls and In no way Bmlts the applications of the surt&ce conditioning liquid 

composition of the present Invention. 
Substrates 

The designations and properties of the sample sheets used as the substrate 
surface treated In the woriung and comparative examples were as follows fJIS" means 
-Japanese Industrial Standard" and -g/m*' n»eans "grams per square meleO: 
SPC (coW-rolled steel sheet according to JIS G-3141); 

EG («teelsheetelectiogalvanizedonbomsuifaces.withzlncadd-on weight of20^^^^ 
GA (sted sheet. hoHfipgalva««aled on both surfaces, with Zinc add^v«ight = 45 

ZnH (steel sheet. ZnMI alloy electroplated on both surfaces, plating weight = 20 g/m^; 
Al (aluminum sheet according to JIS 5052); and 
MP (magnesium aHoy sheet according to JIS H^201). 
Process Operahon Sequence 

Each of the sample sheets v«s treated using the fbllowing sequence unless 
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Otherwise explicitly noted: alkaline degreasing - water rinse - surface conditioning 
treatment - formation of zinc phosphate coating - water rinse - rinse with deloni»d 



In both the woridng and comparative examples, the alkaline degreasing used a 
120 8«»nd spray at42 'C of a solution of FINECLEANER«S) L4460 concentrate (a com- 
mercial product of NIhon Paricerizing Co.. Ltd.) that had been diluted with tap water to 2 

% of the concentrate. 

The surface conditioning treatment was run by dipping the woricpiece in the partic- 
ular surface conditioning liquid composition described below In each of the woriUng and 

comparative examples. 

In order to fbmt the arw phosphate coating. In both *»e working and comparathfe 
examples RALBOND® L3020 concentrate (a commercial product of Mlhon Parkorizlhg 
Co., Ud.) was diluted with tap vwrter to 4.8 % and the component concentrations, total 
acidity, fna addHy, and accelerant concentration were adjusted to the concentrations 
currently in general use fbr automotive zinc phosphate treatments. The resulting liquid 
composition was contacted with the substrates by dipping them Into the surface condi- 
tioning Hquld composition for 120 seconds at 42 "C. 

Both the tap water rinse and the pure water rinse used a 3(>«econd spray at room 

temperature. 

TESTS TOR EvAUMWiNO THE ZINC Phosphate COAHMOS 

The coaling appearance coaling weight Ct»ftO. coating oy^ 
and (orriy on the 8PC substrates) the -P ralio" vwre measured, by the methods described 
immediatoly below, on the zinc phosphate coatings fonned after the surface conditioning 

treatment 

Coat^ appearance (CA): the presence/absence of coating voids and nonunifbrmity was 
evaluated visually and vwis scored on the foltowing scate: 
♦ ♦ urnfonn, good-quality appearance; 

+ : nonunHtonn in some regions, but with no visually apparent voids: 
A presence of some minor voids along vidthnonurtifOfmlly; 

X substantial area fraction of vtMs; and 

MX : no conversion coating present 
Coating weight (CW): The vreight of the sample sheet was measured after formation of 
the zinc phosphate coating to give the value W1 (in grams, hereinafter usually 
abbreviated as "gO. The zinc phosphate coating was then stripped (stripping liquid 
composition and conditions given below) and the weight was again measured to 
give W2 (also in g). The coating vrelght was calcutoted from the following equation: 
coating vwMght (g/iti*) = (Wl - W2y(surface area). 

12 
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For the oold-foUed steel sheets the stopping iiquid was 5 % chromic acici (ue.. Crpg) 
solution in water, and the stripping conditions were 75 ""C, 15 minutes, by dipping. 
For the galvanized steel sheet the stripping liquid composition was a solution 
containing 2 % by weight of ammonium dichromate, 49 % by weight of 28 % by 
weight ammonia solution In water, and 49 % by weight of pure water, and the 
stripping conditions were ambient temperature Ci.e., 18 - 23 X), 15 minutes, by 
dipping. 

For the magnesium alloy and aluminum: The amount of elemental phosphorus in 
the zinc phosphate coating was quantitated using an X-ray fluorescent analyzer and 
the add-on weight of the coaling was calculated firom the P content, assuming that 
the coating was hopette. 
Coaling ciystal size (CS): The crystal size was detemnined by inspection of an image of 
the zinc phosphate coating obtained using a scanning electron microsoope fSERT) at 
1,500 times magnification. 

T ratio": This value was detenmied by measuring the X-ray intensity of the phosphophyl- 
Irte crystals fp") and the X-r^ intensity of the hopeite crystals fh") in the zinc phosphate 
coating, using an x-ray diffraction instniment The "P ratio" was calculated from the fol- 
lomng equation, using the thus obtained x-ray intensity values: "P ratio" = pUp * h). 

Table 1 reports the compositions of surface conditioning baths provided as ex- 
amples of Claim one of the present invention. Table 2 reports the compositions of the 
various surftK^e conditioning baths provided as comparative examples (including some 
with detans explained below). The monosaccharides, polysaccharides, and derivatives 
thereof used In the woriung and comparalive examples were commercial products ob- 
tained from, for example, Daicel Kagaku Kogyo Kabushiki Kaisha. Dai-tchi Kogyo Setyaku 
Kabushiki Kaisha, Asahi Kasel Kogyo Kabushild Kaisha, and Dainippon Seiyaku Kabushi- 
ki Knsha. This component was selected taking Into account such tectors es the type of 
basic stmctural saccharide, degree of polymerization, substituents, and degree of substi- 
tutioa The substituents are exemplified fbr ttie case of glucose, a basic structural sao- 
charide, using the fbflowing chemical structure: 
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Table 1. 



CoHipoiicBt lypc and Details 


Example 1 


Example 2 


Example 3 


Example 4 


Examples 


Pkospluite 
Salt 


Cbenkal 


PHOS 


PHOS 


PHOS 


PHOS 


PHOS 


CoBcentnitioiiy 


LO 


1.0 


1.0 


1.0 


1.0 


ParticfeSbe,fim 


0.5 


0.5 


03 


OS 


03 


MODOMC- 

ckuidc» 

charide, 

atlve 
ThmoT 




Qlvcox 


Ohioose 


Gtuoose 


Glnooee 


Fiudoee 


Sal»tltMt(«) 


-CHjCOOa 
-NO, 


-CHjCOOa 
-NO, 


-CHaCO^ 


None 


None 


Degm^rMwtt. 


s 1.8 


£1.8 


0.7 


0 


0 


Degree <^Polyfli- 
cfftetion 


^3,000 


£ 3,000 


slOO 


1 


£l00 




0.005 


1.0 


0.010 


2.0 


2.0 


AlcallSait 


Chemical 


None 


None 


NaNO, 


MgS0<-7H,0 


None 


CoDcentratkm, 


None 


None 


0.5 


0.5 


None 


SvKaetaiit 


Cimkal 


Kone 


None 


None 


None 


None 


ConccBtratkMit 

, n^iSi 


None 


None 


None 


None 


None 




Ttetperaliire, *C 


20 


20 


20 


20 


20 


Time, Second! 


30 


30 


30 


30 


30 



TOew Ahhrevirtinns in ItMc \ ^ ^ „ 

"a SMfecbmtiMde by eJhaq^atii^ nonjd 
means "parts per finuaand by wdgbt". 

...Tabfe/isconlrHjedfi>oraontaB/)onthen&itp^^. 
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Table 1. (CanHnued fiwn ^ pmiaus page) 



Component Type and DetaOi 


Example 6 | Exampte? | Examples 


Example 9 


Example tO 




Chemical 


PHOS 


ZPTH 


ZPTH 


saio 


SOlO 




1 


1 


1 


10 


5.0 






U.O 




0.4 


0.4 


Monosac- 
dhurlde, 

charide^ 
or Oeriv~ 

altvc 
Tkmof 


BateMoBosac- 
duiiiiKa) 


Glucose, 
xylose, and 
Galactose 


Ghioofie 


Glucose 


Olooose 


CHooooe 


SttbatttttMiKa) 


None 








none 


DegMOfSttbatf- 


A 

u 




1 0 

1.7 


LO 


0 


Degiae of Fi^ytft- 


j; 500 


s 200 


^ 1,000 


£ 2,000 


^500 




0.100 


0.100 


0.001 


0.010 


0.005 




Chemical 


Nboe 


None 


Na^iO,*5H,0 


Na^CO, 


NaJPOvl2IV) 


Coticcntratioa, 


None 


None 


5.0 


1.0 


10 




Chemical 


None 


None 


None 


Nom 


(EO)„NPB 


Surfactant 


Concentration^ 


Nooe 


None 


Ncoe 


None 


2.0 


IVMtlllCBt 


'fonperatore, °C 


20 


20 


20 


20 


40 


Condi, 
timif 


11nic»Scco«b 


30 


30 


30 


30 


120 



lnthecaseofglucose,the3hydroxyfsatR\*^.an**''^canbeett^ 
mampim under consideration, the type of substituent and degree of substttution (number 
of hydroMyl groups that have been substituted by the sub8tituent(s) per unit of the basic 
stmctuTErt saccharide) mre varied in order to investigate the corresponcfi^ The 
5 sodium salts were used in the case of a poorly water-soluble monosaccharide, poiysao- 
charide, or derivative thereof. In the ageing test, the surface conditioning liquid composh 
tton was aliowed to stmd fbr 10 days at room temperBture after preparation and was Hien 
used. 

10 A predpitale was poduced attemately adcftig 1(X) ndliliters (hereinafter usually 

abbreviated as "mL") of a zinc sulfate solution that contained 1.0 moie/Hter (herebiaRer 
usudy abbreviated as '^VL'^ of zinc sulfate in water as a solvent and 100 mL of a 1.0 
moi/L solution of sodium monohydrogen phosphate in water to one liter of a 0.5 moUL 
solution of iron (II) sulfate in water heated to 50 ''C. The precipitate-containing aqueous 

IS solution was heated fbr one hour at 90 ""C in order to ripen the precipitate parttdes, after 
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Table 2 



Component lype and 
I>ctait 


C£l 


CE2 


CE3 


CE4 


CE5 


CE6 


CE7 


Pk«»- 
pbate 
Salt 


Chemleal 


PL-ZN 


PL-ZN 


PHOS 


PHOS 


PHOS 


PHOS 


PIK)S 


tioM»g/L 


1.0 


1.0 


l.u 


f n 
1.1/ 


1 0 


1.0 


l.O 


Particle 




N«nL 


0.5 


6.5 


6.5 


6.5 


6.5 


MOBO- 

We, Poly- 

sao- 
ckaride, 
orDcfflv> 

aUva 
Themf 


Base 
MiMioeao* 
4^arlde(f) 


None 


None 


None 


Gtucoae 


None 


none 


None 


Snhitltll* 


None 


None 


None 


-CHjCOOH. 
-NO, 


None 


None 


None 


Dcgieeaf 
SnbftHn- 
tk« 


None 


none 


None 




None 


None 


None 


Degree of 
batioB 


Nrae 


None 


None 


53,000 


none 




None 


Concentre- 


None 


Ncme 


None 


0.005 


None 


None 


None 


oTFIn 


ConpowMl 
^pfaonu 


None 


None 


None 


None 


0.50pptof 
ATMPA 


None 


None 


Yinyl acetate 
Dcrhrativc Fel|jBwr 


Nqhb 


None 


None 


None 


None 


0.50p|»tof 
CMPVA 


None 


Other Mvamr 


None 


None 


None 


None 


Ncme 


None 


See Note 1 


AlkaH 
Salt 


Chemkal 


None 


MgS04-7HaO 


None 


None 


None 


None 


None 




None 


0.5 


Nof» 


None 


None 


None 


None 



New Abbrevb tKma and Other ^ '^'^ ^ 

"Cr means •Xkmparative Esomiple"; "P^ZN" means TREPALENE® ZN Concentrate"; **NJ«t"ni«w 
'Tiotii»a8aictf*;"ATMPA" means "amlnotrimctlyfcnqj^^ CaAoaqrl- 
inodifiediK>ly(vin)4 akxAicd)'' 

Notel- This Comparative Exampte composition contained 0.010 p 
amirtimcfmooomen containing 20 % by *wght of etlvl aay 
% by wei^ of vinyl solfinic add. 

QeaadNdte: M of Ac Comparison Exanvtel -7compositionswwe contacted with substi^ 
InrSOi 



which puiiflcation by decantation was carried out 10 times. The precipitate afforded by 
ftttraUon was then dried and analyzed by x-ray diffraction and was confirmed to be phos- 
phophyllite, which has the chemical formula ZnjFe(P04)2-4HjO, containing some tertiaiy 
iron phosphate. To each one Kilogram (hereinafter usually abbreviated as "kg") of this 
predominantly phosphophyllite powder was added SO g of the product affbrded by the 
preliminary dilution/dissolution of the monosaccharide, polysaccharide, or derivative 
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thereof reported in Table 1 to 10 % by weight in water and isopropyl alcohol. This was 
followed bf mUling for Omi one hour in a ball mtti using ziroonia baUs with a diameter of 
0.5 rr^Hlmeter (heremafler usually abbreviated as "mnrO. After milling^ tap water was add- 
ed to acQust the phosphophyHite concentration in the suspension to 1.0 g/L, and the sus- 
pension was then used as the surfeoe conditioning liquid composition. The average part- 
icle size of the miooparticles in the suspension after adjustment was measured to be 0.5 
pm, using a laser diftraction/scattering ir>strument for measuring particle size distribution 
(LA-920 from Kabushiki Kaisha Horiba Setsakusho). 
Example 2 

Predominantly phosphophyllite powder v»«s prepared in the same manner as In 
Exainple 1, and 100 g of this powder was added per 1.0 kg ^ 

prelinrinary diiution/dissohitfon of the monosaccharide, polysaccharide, or derivative 
thereof reported In Table 1 to 10 % by vvelght in water and isopropyl alcohol. This was 
foltowed by milling for about one hour in a ball mill using zirconia baits with a diameter of 
0.5 mm. After milling, tap water )nbs added to adjust the phosphophyUite concentration 
in the suspension to 1.0 gfL, and the suspension was then used as the surtace 
conditioning liquid composltton. The average particle size of the micropartides in the 
suspension after adjustment was measured at 0.5 \m using the same instrument aein 
Example 1. 
ExaimpleS 

Predominantly phosphophylltte powder was prepared in the same manner as In 
Example 1, and to each 1.0 kg of this powder was added 100 g of the product afforded 
by the preliminary dilution/dissolution of the monosaccharide, polysaccharide, or 
derivative thereof reported in Table 1 to 10 % by weight in water. TWs was followed by 
milling for about one hour in a ball mill using zirconia balls virlth a diameter of 0.5 mm. 
After milling, tap water was added to adjust the phosphophyllite concentraUon in the 
suspenstontoLOgO^ The average partlde size of the micropartlcles In the suspension 
after adjustment was measured at 0.5 ym using the same instrument as in Example 1 . 
0.5 g/L of sodhjm nitrite reagent (alkali salt) was then added and the resulting product 
was used as the suriiace conditioning liquM composition. 
Example 4 

Predominantly phosphophyHite powder was prepared In the same marmer as in 
Example 1, and SOgofthispowdervwasaddedper 1.0 kg of the product afforded by the 
preliminary dilution/dissolution of the monosaccharide, polysaccharide, or derivative 
thereof reported in Table 1 to 10 % by weight in water. This was followed by milHng for 
about one hour in a ball miy usoig zircorta trails with a diameter of 0.5 mm. After milling, 
tap water was added to adjust the phosphophyllito concentretion in the suspension to 1 .0 
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g/L. The average particle size of the micropartlcles in the suspension after adjustnient 
was measured at 0.5 \m using the same instrument as in Example 1. 0.5 g/L of 
magnesium sulfate heptahydrate reagent (alkali salt) was then added and the resulting 
product was used as the surtece conditioning liquid composition. 
Examples 

Predominantly phosphophylUte powder was prepared in the same manner as In 
Example 1, and 60 g of this phosphophyflite was added per 1.0 kg of the product afforded 
the prefinftinary dilution/dissolution of the monosaccharide, polysaccharide, or deriva- 
tive thereof reported in TaWe 1 to 10 % by weight In water. This was followed by milling 
for about one hour in a ball mill using arconia balls with a diameter of 0.5 iren. After mill- 
irig, tap water was added to adjust the phosphophyllite concentration in the suspension 
to 1.0 gA^ and the suspension was then used as the surface conditioning liquid composi- 
tion. The average partide size of the mteroparticles in the suspension after adjustment 
was measured at 0.5 |im using the same instrument as in Example 1 . 
Example 6 

Predominantly phosphophyllite powder was prepared in the same manner as in 
Example 1 , and 1.0 kg of this powder was added per 1 .0 kg of the product afforded by 
the preliminary dilution/dissolution of the monosaccharide, polysaccharide, or derivative 
thereof reported in Table 1 to 1 0 % by weight In water. This was foHowed by milling fbr 
dtx)ut one hour in a bal mil using ziroonia balls with a diameter of 0.5 mm. After miffing, 
tap water was added to acQust the phosphophyOite concentration in the suspension to 1.0 
g/L. and the suspension was then used as the surface conditioning ItquM composition. 
The average particle sizB of the microparticles in the suspension after acQustment was 
measured at 0.5 pm using the same Instrument as in Example 1. 
Example? 

1.0 kg of reagent grade Zn3(P04)2-4H20 was added per 1.0 kg of the product 
afforded by the preliminary dilution/dissolution of the monosaccharide, polysaccharide, 
or derivative thereof reported in Table 1 to 10 % by weight in water. This was followed 
by nflSng for about one hour in a ball mill using ziroonia balls with a diameter of 0.5 mm. 
After milling, tap water was added to adjust the ZrT3{P04y2*4H20 concentration in the 
suspenston to 1.0 g/L, and the suspension was then used as the surfoce conditioning 
BqukI oompositton. The average particle size of the micropartides in the suspension after 
adjustment was measured as 0.6 \m using the same instrument as in Example 1. 
Examples 

10 g of the product afforded by the preliminary dilution/dissolution of the monosac- 
charide, polysaccharide, or derivative thereof reported in Table 1 to 10 % by weight In 
water was added per 1.0 kg of reagent grade Zn3(P04)2-4H20. This was foltowed by 
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milKng tor about one hour in a ball mill using zirconia balls with a diameter of 10 mm. 
After mlBino, tap water was added to adjust the Zn3{P04)2-4H20 ooricentratlon \n the sus- 
pension to 1.0 g/L The average particle siMofthemicroparfidesiri the suspenskMi alter 
a^ustmenl was measured as 1.2 Mm usirig the same hstfument as In Examptel. Sg/L 
of sodium metaslHcate reagent (alkali salt) was then added and the resulting product was 
used M the surfece conditioning liquid composition. 
EXAMPUEa 

A predi^tate was produced by the addition of 200 mL of a 1.0 mol/L solution of 
zinc nitrate and then ^ mL of a 1.0 md/L solution of sodium monohydrogen phosphate 
to one titer of a 0.1 moML solutkwi of calcium nitrate that had been heated to 50 "C. The 
precipitate-containing aqueous solution was heated for one hour at 90 ''C in order to 
ripen the predpitale partictes. after wlwch purification by decantation was carrted out 10 
times. The predpiteteaBbrded Infiltration was then drted and andyMd by x-ray dHfi^ 
tion and was oonlinned to be sdiolzite. which has the chemical fbnnula 
Zn2Ca(PO4)2-2H20. To each 1.0 kg of this scholzite was added 10 g of the product 
afforded by the preliminaiy dilution/dissolution of the monosaccharide, polysaocharide, 
or derivative thereof reported In Tabte 1 to 10 % by weight in vxater. This was fdtowed 
by milling for about one hour in a ball mill using zirconia balls with a diameter of 0.5 mm. 
After milling, tap water was added to ac^ the schoWte concentration In the suspenston 
tolOg/L The average partkrie size of the micropartides in the suspension after a«4usl- 
mem was measured at 0.4 pm using the same ktstmnwnt as in Exam|to 1. 1.0 g/L of 
sodium carbonate reagent (alkaH saK) was also added and the resulting product was 
used as the surface conditioning iqdd composition. 
EXAMPLE 10 

A predpitete was produced by the addition of 200 mL of a 1 .0 molA. solutton of 
zirw nitrate and then 200 mL <rf a 1 .0 md/L sdution of sodium monohydrogen phosphate 
to 1.0 liter of a 0.1 md/L solutton of caldum nitrate that had been heated to 50 X. The 
predpHate-conteining aqueous sdution was heated fdr one hour at 90 °C in order to 
i^wnthe f»edpitete partkdes, after whteh purifkaflon by decantelton was carried out 10 
times. The precipilatoa«Mded by filtration vms then dried and analyzed by x-«ydlfft^ 
tion and was conflnned to be schdzito (ZnjCa(P04>2-2HjO). To eadt 1.0 kg of this 
scholzite was added 10 g of the produd afforded by the preKmlnary dilution/dissdution 
of the monosaccharide, polysaccharide, or derivative thereof reported in Tabte 1 to 10 
% by wd^ in water. This was foltowed by milling for about one hour In a ball mill usbig 
zirconia balls vnth a diameter of 0.5 mm. After milling, tep water was added to adjust the 
scholzite concentration in the suspension to 5 g/L The average partide size of the 
microparttetos In the suspension after adjustment was measured at 0.4 pm using the 
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same instalment as in Example 1. 10 g/L of trisodium phosphate reagent (alkali salt) and 
2 g/L of a commercial polyoxyethyiene nonytphenyl etr^ surfactant were also added, and 
the resulting product was used as the surface conditioning liqidd composition. The 
degreasing step was not nm in this example; rather, a simultaneous cleaning and surface 
conditioning was run directly on the unaKeied antirust oil-contaminated test specimen. 
Comparative Example 1 

In this comparative example, surface conditioning was run using PREPALENE® 
ZN aqueous solution (commercial product of Nihon Parkeriztng Co., Ltd»), which is a 
prior-art surface condifioner. Surface conditioning was run using the standard conditions 
for use of this product 
Comparative Example 2 

In this comparative example, surtece conditioning was run using the liipiid 
composition afforded by the addition of 0.5 g/L magnesium sultate heptahydrate (ailcali 
salt) as reported in Tatrie 2 to the PREPALENE® ZN aqueous solution identified above 
as a prior-art surfece conditioner. 
Comparative Example 3 

A predominantly phosphophylllte powder was prepared in the same manner as 
Ibr Example 1. This powder was suspended in water and then ground in a ball mill using, 
zinsonia bans v\«h a diameter of 0.5 mm until the average particle size in the suspension 
reached 0.5 Mm as measured using the same instrument as in Example 1. After milling, 
tap waterwas added to acQust the phosphophyllite concentration in the suspension to 1.0 
g/L^ and the suspension was then used as the surface condtioning Squid oomposltton. 
CoMFV^RAfivE Example 4 

A predominantly phosphophyllite powder was prepared in the same manner as 
for Example 1. This powder was ground for about 2 minutes v^th a nfK)rtar, then diluted 
yuMx tap water and filtered across 5 (im paper fiHer, and the filtrate was discarded. The 
precipitate was thereafter dried for one hour at 80 X. To each 1.0 kg of this dried 
powder was added SO g of the product afforded by the preliminary cHlutton/dissoiution of 
the monosaccharide, polysaccharide, or derivative thereof reported in Table 1 to 1 0 % 
byweightbiwalerandisopropylaioohoL The dried powder -i- polymeric monosaccharide, 
polysaccharide, or derivative thereof was then adjusted vioth tap water to give a dried 
powder concentration of 1 .0 g/L. and the resulting suspension was used as the surfece 
conditionir^ liquid composition. The average particle size of the micropartides in the 
suspension after adjustment was measured at 6.5 \jm using the same instrument as in 
Example 1. 

Table 3 reports the coating properties of conversion coatings obtained by zinc 
f^osphating treatments that employed surface conditioning baths prepared In the working 
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Table 3 



Time 
ofUtc 


Measurement or 
1M and Unit if 
AppttcaMe 


Sub- 
strate 


Measurement or Teat Result for Example Number: 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 




CA 


SPC 


++ 


+ -f 


+ + 


+ + 


T T 




T T 


T "T 


T T 








EG 


++ 


++ 






+ + 


\ -t 




1 k 

■r + 


1 1 


1 1 






GA 


+ + 


+ + 


+ + 




+ + 


+ + 


+ + 


+ + 




+ + 






Al 


+ + 




++ 


+ + 




+ + 


+ + 


+ + 


+ + 








Zd-Ni 


++ 


+ + 


+ + 


+ + 


+ + 






+ + 


+ + 


+ + 






MP 


++ 


++ 




+ + 




+ + 


+ + 




4- + 








SPC 


1.6 


1.7 


1.5 


1.6 


1.6 


1.6 




1.7 


1.4 


1.5 


Rafter 
rauon 


EG 


L7 


1.9 


1.8 


1,7 


1.8 


1.7 


1.6 


1.7 


1.6 


1.7 




GA 


22 


2.4 


2.4 


2.3 


2.6 


2.7 


2.5 


2.4 


2.6 


2.4 




A! 


1.9 


1.8 


1.8 


1.9 


1.6 


1.7 


1.7 


1.6 


1.7 


1.7 






1.6 


1.7 


1.6 


1.5 


1.6 


1.6 


1.7 


1.8 


1.6 


1.8 




MP 


2.5 


2.6 


2.5 


2.7 


2.6 


2.7 


2.5 


2.6 


2.6 


2.7 






SPC 


1-2 




1 'i 

I "A 




1-7 


1-9 
i-x 


1-9 
i-A 


1-9 


2k 1 






EO 


t-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 






OA 


2-3 


2-3 


2-3 


2-3 


2-3 


2-3 


2-3 


2-3 


1-2 


2-3 






Al 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 






Zo-Nl 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 






MP 


2-3 


2-3 


2-3 


2-3 


2-3 


2-3 


2-3 


2-3 


2-3 


2-3 




PPR 


SPC 


95 


96 


97 


96 


93 


92 


92 


91 


90 


91 


After 


CA 


SPC 


++ 


+ + 




+ -»- 


++ 


++ 


+ 




+ + 


+ + 


stand- 




SPC 


1.5 


1.6 


1.6 


1.6 


1.6 


1.5 


1.5 


1.7 


1.5 


1.5 


ing for 


CS.Mm 


SPC 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


1-2 


10 days 


PPR 


SPC 


96 


96 


95 


97 


95 


92 


91 


91 


92 


90 



New Abbreviation in Table 3 
•PPR"* means -100 X 'P 



examples, and Table 4 reports the coatirig properties of conversion coafmgs obtained by 
zinc phosphating trsatments that employed surface conditioning baths prepared in the 
comparative examples. 

The results in Tables 3 and 4 confimn that the timewise stability, which has bean 

s a problem for prior-art technologies, is substantially improved in the case oT the surtace 
oonditlonino baths aocordhg to the present htventkNi. The effect of the monosaccharide, 
poiysaccharide. or derivative thereof on the surface conditioning acUvi^ is also under- 
scored from the results in Comp^ative Example 3, Exam^^ Inaddi- 
tion. Comparative Example 3, although also inferior to Example 1 immediately after 

10 preparation of the surface conditioning liquid composition, nevertheless at that point had 
a surfece conditioning activity that was at least equal to that of Comparative Exampto 1 
(prior art). 

However, in the case of Corvv>arative Example 3, nulling of the divalent or trivalent 
metal phosphate was quite difficult and a sediment of the divalent or trivalent metal 
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Table 4 



Tim 
ofUie 


incaSlllVlllCIII Or 

itetMidUiiiiir 

Applkftbfe 


strate 


Mcasoremciit or IM Retult fi»r Companitive Example Nimbar: 


1 


2 


3 


4 


M 

5 


p 


7 


Direct- 
ly after 


CA 


orv 




X 


+ 


X X 


X X 


X X 


X X 


eXj 




A 


++ 


A 


A 


A 


A 






+ 


+ + 


A 


A 


A 


A 


Al 


X 


X X 


A 


X X 


X X 


X X 


X X 




+ + 


-»-+ 


+ + 


A 


A 


A 


A 


Mr 


+ 


X 


++ 


+ 


+ 


+ 


+ 


CW.gto* 


CDT* 


2.4 


3.8 


2.0 


Rm. 


Rm. 


Km. 


Njn. 


EG 


2.7 


3.2 


2.8 


3.8 


3.9 


3.8 


4.0 


A 

uA 


3.1 


3.5 


3-3 


4.4 


4.2 


4.3 


4.7 


A1 
/VI 


0.9 


Njn. 


1.3 


Nm 


Njil 


Njn. 


Njn. 


picpa- 
rsDosi 




2.5 


3.3 


2.7 


3.6 


3.4 


3.5 


3.5 


Mr 


3.6 


1.8 


2.8 


33 


3.4 


3.5 


3.3 




SPC 


3-4 


>10 


2-3 


Njil 


Nja 


Rm. 


Njn. 


BG 


3-4 


7-8 


2-3 


>10 


>10 


>!0 


>10 


OA 


5-6 


7-10 


3-4 


>10 


>10 


>10 


>10 


Al 


4-5 


N.m, 


2-3 


Njn. 


Rm. 


Nja 


Njn. 


Zn-Ni 


3-4 


6-9 


2-3 


>10 


>10 


>10 


>10 


MP 


5-6 


8-10 


3-4 


5-6 


5-6 


5-6 


5-6 


PFR 


SPC 


93 


Njn. 


95 


Rm. 


Njn. 


Njn. 


Njn. 


After 
stand- 
ingfor 
10 di^ 


CA 


SPC 


X 


X X 


A 


X X 


X X 


X X 


X X 




SPC 


3.3 


Rm. 


2.8 


N-m. 


Nja 


Njn. 


Nja 


CS.um 


SPC 


7-8 


N,m. 


3-4 


Rm. 


Njn. 


Njd. 


Njn. 


PPR 


SPC 


Km. 


N.m. 


92 


N.m. 


N.m. 


Njn. 


N.m. 



phosphate was produced in the treatment liquid composition after the elapse of 10 days. 
These problems vrith Comparative Bomple 3 were (kje to the absence of any accelerant 
component as described above for the invention and resulting re-aggregation of the dival- 
ent or trivalent m^ phosphate. Furthemnore, although this series of examples explored 

5 variations in the type of monosaccharide, polysaccharide, or derivative thereof, \n the type 
of alkali salt, and k\ the treatment temperature, no changes in activity were thereby noted 
and dense, microrine crystals were produced that were equal to or superior to the crystals 
produced by the prior-art technologies. 

Table 5 reports the compositions of surface conditioning liquid compositions used 

10 in examples of the present invention in which a water soluble compound of phosphorus 
was the aocelerBnt component Table S and Comparative Example 5 In Table 2 report 
the particular selection from orthophosphoric acid, condensed phosphoric adds, and or- 
ganophosphonic add compounds. The phosphonis compounds used in the examples 
In Table 5 and in Comparative Example 5 were selected from reagents and commerdal 

15 produds (from, for example, IMonsanto Japan Ltd.) in order to explore structural 
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Tables 



CompMiciit lype and DdaiU 


Example 11 


Example 12 


Example 13 


Example 14 


Example IS 


Phoipliate 
Salt 




PHOS 


PHOS 


PHOS 


ZPTH 


SCHO 


tfL 


5.0 


1.0 


1.0 


5.0 


10 




U.D 




i.f 


u.o 


0.5 




Chemical 


TDDA 
IfTVl 


HKilPA 


ATlbfPA 




DlJiNirA 




0.0010 


0.10 


OJO 


0.050 


1.0 


AlkaiSatt 


ChMfeal 


MgS0,-7H,0 


Na,(>SiOj-5HO 


None 


NaCOj 


Na,PO/l2H,0 


80' 


0.50 


1.0 


None 


5.0 


10 




ChfWilral 


None 


None 


None 


None 


0BO)„NPE 




Concctttratioa^ 


None 


None 


None 


None 


2.0 


tlOlit 


TBBiparalaRy 


20 


20 


20 


20 


40 


11ina»Sfcondi 


30 


30 


30 


30 


120 



New Abbreviations for Table 5 

TPPA" means *%^Iyphosphoric add"; "HMPA" means liexameta phosphoric acsid"; •TM)P" means " 1 - 
lydtroy-^tiylidene-lyl-dipho^dinntc acid*'; *^TMPA** means **etfaylenedt8mine tetnunelhyiene phoapbanic add**. 



variations. White the effects of the present invention do not impose limitatims on the pH 
of the surface conditioning llqtdd composition, in the case of very low pH phosphorus 
compounds the pH of the phosphorus compound was preliminarily adjusted to neutrali^ 
using sodium hydroxide hi order to prevent dissolution of the divalent or trivalent metal 
B phosphate. Timewise testing in this series was carried out tyy using the surface ccmdi- 
tiorvng liquid apposition after it had t>een held for 10 days at room temperature after its 
preparation. Further details for the individual examples are given below. 
Example 11 

F¥sdominantly phosphophytltte powder was prepared in the same manner as for 
10 Example 1. To each 1.0 kg of this powder was added 2 g of the product afforded ty the 
preliminary dlution/dbscAjtion of the phosphoais compound reported in Tal>le 5 to 10 % 
by we^ht in water. This was followed by milling for about 1 hour in a ball mill using zlr- 
conia balls with a diameter of 0.5 mm. After milling, tap water was added to adjust the 
phosphophyflite concentration in the suspension to 5 g/L. The average particle sixe of 
15 the micropartides in the suspension after adjustment was measured as 0.5 (im using the 
same instrument as in Example 1. 0.5 g/L of magnesium sulfate heptahydrate reagent 
(aHcal salt) was also added and the resulting product was used as the surface oondWon- 
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ing liquid composition. 
Example 12 

Prectominantly phosphophyllite powder was prepared in the same manner as for 
Example 1. To each 1.0 kg of this powder was added 1.0 kg of the product afforded by 
the preliminary dilution/dissolution of the phosphonis compound reported in Table 5 to 
10 % by wei^t In water. This was Wtowed by milling for about 1 hour In a ball mill using 
2iroonia balls with a diameter of 0.5 mm. After milling, tap water was added to adjust the 
phosphophytBte concentration in the suspension to 1.0 g/L The average particle size of 
the irtcropartictes in the suspension after adjustment was measured as 0.5 pm using the 
same instniment as in Example 1. 1.0 g/L of sodium metasHicate reagent (alkali salt) 
was also added and the resuHing product was used as the surface conditioning liquM 
Gompositton. 
Example 13 

Predominantly phosphophylIHe powder was prepared In the same manner as fbr 
Example 1. 200gofthlspowderwasaddedper 1.0 kg of the product afforded by the 
preBmlnary dikJtk>n/dissolution of the phosphorus compound reported in Table 5 to 10 % 
by weight in water. This was followed by milling for about 1 hour in a ball mill using 
zirconia balls with a diameter of 10 nun. After milling, tap water was added to adjust the 
phosphc^hyflite conoentratfon in the suspension to 1.0 g/L, and the suspension was then 
used as the surface conditioning liquid composition. The average particle ^ of the 
micropartides in the suspension after adjustment was measured as 1.7 using the 
same kistrument as in Example 1. 
Example 14 

100 g of the product afforded by the preliminary dilution/dissolution of the 
phosphonjs compound reported in Table 5 to 10 % by weight in water was added per 1.0 
kg of reagent grade Zn3(P04)2'4H20. This was followed by milling for about 1 hour in a 
ball miH using zirconia balls with a diameter of 0.5 mm. After milling, tap water was 
added to ac$ust the Zn3(P04)2'4I^O concentration in the suspenston to 5 g/L The aver- 
age parttole size of the nticropartkdes In the suspension after adjustment was measured 
as 0.6 vm using the same instrument as in Example 1 . 5 g/L of sodium carbonate rea- 
gent (alkali salt) was also added and the resulting product was used as the sur1ta» 
oondittoning Ik^irid compositton. 
Example 15 

SchoWte powder was prepared in the same manner as for Example 9. 1.0 kg of 
this schoWte was added per 1 .0 kg of the product afforded by the preliminary dilution/dis- 
solutk>n of the phosphorus compound reported in Table 5 to 10 % by weight in water. 
TWs was fbltowed by mttfing fbr about 1 hour in a baB mB using zircx)nia balls with a diam- 
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eter of 0.5 rmn. After milling, tap water was added to adjust the scholzite concentration 
in the suspension to 10 g/L The average particle size of the micropartides in the sus- 
pension after adjustment was measured at 0.5 \jm using the same instrument as in Ex- 
ample 1 . 10 g/L of trisodium phosphate reagent (alkali salt) and 2 g/L of a commerdal 
pojyoxyethylene nonylphenyl ether (surfactant) were also added and the resulting product 
was used as the surface conditiontng liquid composition. The degreasing step was not 
run In iNs example; rather^ a simultaneous cleaning and surface condttloning was run di- 
rectly on the unaltered antimst oll-contarrtnated test specimen. 

COMMRATIVE EXAMPLE 5 

Predomtnoitly ptwsphophylllte powder was prepared in the same manner as for 
Exan^e 1. This powder was ground for about 2 minutes with a mortar, then diluted with 
tap water and filtered through 5 pm paper fflter. and the flHrate was discaid The pow- 
der was thereafter dried for 1 hour at 80 "C. 100 g of this dried powder was added per 
500 0 of the product afforded by the preHnrtfnary diluti^ 

phosphonisajmpound repealed for C>)nfiparathfe The surface con- 

ditioning liquid composition was fmpsred by diluting v«th tap water to give a dried powder 
concentration of 1.0 g/L The average particle size of the rrwcropartides in the suspen- 
sion after adjustment was measured at 6.5 [xm using the same instrument as in Example 
1. 

Table 6 reports the coating properties of conversion coatings obtained zinc 
phosphating treatments that employed surface conditioning baths prepared bi the working 
examples 11 - 15. Comparative Example 5 in Table 4 reports the coating properties of 
the conversion coating obtained by a zinc phosphating treatment ttiat employed the sur- 
face conditioning liquid composition prepared in Comparative Example 5. 

The results in Tables 6 and 4 confirm ttiat the timewise stability, which has been 
a problem for prior-art technologies, is substantially improved In tiie case of ttie surface 
conditiorting baths acooixling to the present Invention. The effect of the orthophosphoric 
add. condensed phosphoric add, or organophosphonic add compound on the surface 
conditioning activity is also underscored from ttie results in Comparative Example 3 and 
Example 13. 

In addttion.CornparatKreExarnple3»aHhough also inferior to Example 11 imme(fi- 
alely after preparation of tiie surface conditioning liquid composition, neverttieless at that 
pdnt had a surf^ conditioning activity that was at least equal to ttiat of Comparative Ex- 
ample 1 (prtor art). However, In ttie case of Comparative Example 3. milling of the dival- 
ent or trivalent metal phosphate was quite difficult and a sediment of tiie divalent or tiival- 
ent metal phosphate was produced in the treatment liquid composition after the elapse 
of 10 days. These problems witti Comparative Example 3 were due to ttie absence of 
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Tables 



TfanecirUse 


Measuremcat or and 


Substrate 


McasuremcBt or IkU RcattH for 




UnlttfAppttcabk 






Example Number: 










11 


12 


13 


14 


15 




CA 


SPC 


++ 






4-4 


44 






EG 


++ 




4-4- 




44 






OA 


++ 




Hh + 


4.4. 


44 






A] 


++ 




■4*4- 


4-4 


44 






Za-Ki 


++ 




44* 


4.4. 


44 






MP 


+ + 




4-4 


4-4 


44 






SPC 


1.7 




1 X 


1 7 


1.7 


Uirecuy alter 

piC|>ff8tlQ0 


EG 


1.8 


1*0 


1 9 

I»7 


1 R 
t .0 


1.7 




OA 


2.3 






^ 7 


2.3 




Ai 


17 


1 7 
1./ 


1 7 
1./ 


1 A 
I.D 


1.7 






Zn-Ni 


1.6 


1 A. 
I.D 


1 7 
1./ 


1 

I.D 


1.7 






MP 


2,5 


2.4 


2.6 


2.5 


2.7 






SPC 


1-2 


1-2 


1-2 


1-2 


1-2 




EG 


1-2 


1-2 


1-2 


1-2 


1-2 






GA 


2-3 


2-3 


2-3 


2-3 


2-3 






A] 


1-2 


1-2 


1-2 


1-2 


1-2 






Zn-Ni 


1-2 


1-2 


1-2 


1-2 


1-2 






MP 


2-3 


2-3 


2-3 


2-3 


2-3 




PPR 


SPC 


97 


97 


93 


92 


93 




CA 


SPC 


++ 


++ 


4-1- 


4-4 


44 


Afier 


CW,g/in» 


SPC 


L7 


1.7 


1.7 


1.7 


1.6 


standing for 


CS,Mm 


SPC 


1-2 


1-2 


1-2 


1-2 


1-2 


10 days 


PPR 


SPC 


97 


96 


9S 


93 


93 



any accelerant component as described at)ove for this invention and the resulting re- 
aggregation of the divalent or trivalent metal phosphate. Furthemnore, although this 
series of examples explored variations in the orthophosphoric add. condensM 
phosphoric add, and organophosphonic add compound and in the type of alkali salt and 
the treabnent temperature, no changes in activity ymre thereby noted and dense, micro- 
fine crystds vme produced that were equal to or superior to the crystals produced by the 
prior-art technologies. 

In adcfition. Comparative Example 3, although also inferior to Example 11 Immedi- 
ately after prepanrtion of the surfeoe conditioning liquid composition, nevertheless at that 
point had a surfece oonditiontng activity that was at least equal to that of Comparative Ex* 
ample 1 (prior art). However, In the case of Comparative Example 3, milUng of the dival- 
ent or trivalent nnetal phosphate was quite difficult and a sediment of the divalent or trival- 
ent metal phosphate was produced in the treatment liquid composition after the elapse 
of 10 days. These problems with Comparative Example 3 ymre due to the absmoe of 
the <Mlhophosphoric add, condensed phosphoric add, or organophosphonic add oom- 
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pound and the resulting re-aggregation of the divalent or trivalent metal phosphate. 
Furthermore, although this series of examples explored variations In the orthophosphoric 
add, cor>densed phosphoric acid, and organophosphonic add compound and In the ^ 
of alkali salt and the treatment temperature, no changes in activity were thereby noted 
and dense, microfine crystals were proAiced that were equs* to or superior to the crystals 
produced by the prior-art technologies. 

Table 7 reports the composifions of surface conditioning baths used in examples 
according to the present wwention when the accelerant component is a water-soluble pol- 
ymer TaWe 7 and Comparative Example 6 in Table 2 use the "Vinyl Acetate/ Derivative 
Polymer heading to report the particular selection from water-soluble polymer com- 
pounds conrtprising v»ty> acetate polymers and derivatives thereof and copotymers of vinyl 
acetate and vinyl acetate-copolymerizable monomer. The vinyl acetate polymers and 
derivatives thereof reported in the tables were prepared by the polymerizatton of vinyl 
acetate using a peroxide initiator followed by Introduction of the functional group reported 
In the particular example by hydrolysis, acetalation, eta The copolymers of vinyl acetate 
and vinyl acetate-copolymerizable monomer were synthesized by copolymerizing vinyl 
ao^e and the particular monomer. Timewise testing in this series was carried out by 
using the surface conditioning liquid composition after it had been held for 10 days at 
room temperature after its preparation. Further details of individual examples are given 
below. 
Example 16 

Pred omin antly phosphophyirite pcwder was prepared in the same manner as for 
Example 1. Toeach l.0Kgofthispawderwasadded2gof the product afforded by the 
prelmlnaiy dilution/dissolution of the water-soluble polymer compound reported in Table 
7 to 10 % by weight in water. This was followed by milling for about 1 hour in a ball mill 
using zirconia baRs with a diameter of 0.5 mm. After milling, tap water v^s added to ad- 
just the phosphophyllite concentration in the suspension to 5 g/L The average partide 
size of the micropartldes in the suspension after adjustment was measured at 0.5 |im 
using the same hstmment as in Example 1. 0.5 g/L of sodium metasBicate reagent (al- 
kflrii salQ was also added and the resulting product was used as the surface condMionhg 
liquid composition. 
EXAMPI£17 

Predominantly phosphophyllite powder was prepared in the same manner as for 
ExarT?)le1. 100 g of tWs powder was added per 500 g of the product afforded by the pre- 
liminary dilution/dissolution of the water-soluble polymer compound reported in Table 7 
to 10 % by weight in water. This was followed by milling for about 1 hour in a ball mill 
using ziroonia balls with a diameter of 0.5 mm. After milling, tap water viras added to 
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Table 7 



CfMnponent TW and Detail* 






Example 18 


Example 19 


Example 30 


Phoftphaie 

9mm 


Cheeked 


FHOS 


PHOS 


ZPTH 


SGHO 


SOK) 


OmcentnUlony 


5.0 


1.0 


1.0 


5.0 


30 


PAHickSizc»|iin 


03 


0.5 


0.5 


1,6 


0.3 


1 
1 




0.0010 ppt of 

PVAr 


0.50pplof 
CMPVA 


2.0 ppt of 
SAMPVA 


SeeNotel 


SeeNole2 


AlcaHSall 


Chemkftl 


NajSiOj-SHjO 


None 


MgS04'7H,0 


NaCO) 


Na,P0,12H,0 


CiMicMintlon» 


050 


None 


0.50 


5.0 


10 


SnrteUBt 


Chemkal 


None 




None 


None 


(EOX,NPB 






None 


None 


Noon 


2X> 


Tkextmeiit 
Condi- 


Itaipeniftarey **C 


20 


20 


20 


20 


40 


TteeySccondi 


30 


30 


30 


30 


120 



New Abbreviations and Other N otes for Table 7 
"PVAc** means "pdy(vii^ acetater; "SAMPVA" means "sulfonic acid modified pofy(vinyl alcrfiol)'*. 
Note 1: This Exan^te Composilicm cont^^ 

acetate monoiners. ^ . 

Note 2: Tins Example Con^KJsitio^ 



acSust the phosphophylBte concentraBon h the suspension to 1 .0 g/L. and the suspension 
was then used as the surface conditioning liquid composition. The average partide size 
of the ntooparticles In the suspension atter adjustment was measured at 0.5 pm using 
the same Instrument as in Example 1. 
6 Example 18 

50 g of reagent grade ZiyJiPOdi-^ >^ per 1 .0 kg of the product afford- 
ed by tiie preliminary cfilufion/dissolution of the water-soluble polymer compound reported 
in TaWe 7 to 10% by weight In water. This was followed by riMlling lor about 1 hour In 
a ball mill using adroonia bails with a diameter of 0,5 mm. After mitling, tap water was 
10 added to ac^ust the Zrb(P04)2-4IHp concentration in !^ The aver- 

age partide size of the micmparlides in the suspension after adjustment was measured 
at 0.5 Mm using the same instmment as in Example 1. 0.5 g/L magnesium sulfate hepta- 
hydrate reagent (alkali salt) was also added and the resulting product was used as the 
surface conditioning Hquid compositton. 

IS EXAMPt.El9 

Schoizite powder was prepared in the same manner as in Example 9. 500 g of 
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tNs schoizite was added per 1 .0 kg of the product afforded by the preliminary dilution/dis- 
solution of the water-soluble polymer compound reported in Table 7 to 10 % by weight 
in water. This was fbllowed by milling fbr about 1 hour in a ball mHI using zircor>ia balls 
with a dianneter of 10 mm. After milling, tap water was added to adjust the schoizite con- 
centration In the suspension to 5 g/L The average particle size of the micropartides in 
the suspension after acljustment was measured at 1.6 pm using the same instrument as 
in Example 1. 5 g/L of sodium cart)onate reagent (alkali salt) was also added and the re- 
sulting product was used as the surface conditioning liquid composition. 
EXAMPl^20 

Schoizite powder was prepared in the same manner as for Example 9. To each 
1 .0 kg of this schoizite was added 10 g of the product afforded by the prelimbtary dBu- 
tion/dissoiution of the water-sokible polymer compound reported In Table 7 to 10 % by 
wdght in water. This was fblkywed by milling for about 1 hour in a ball nnill using zirconia 
balls with a diameter of 0.5 mm. After milling, tap water was added to ac^ust the schoi- 
zite concentration \n the suspension to 30 g/L The average particle size of the micro- 
partides In the suspension after adjustment was measured at 0.3 pm using the same in- 
strument as in Example 1. 10 g/L of tertiary sodium phosphate reagent (alkali salt) and 
2 g/L of a commercial polyoxyethylene nonylphenyl ether (surfactant) were also added 
and the resulting product was used as the surface conditioning liquid composition. The 
degreasing step was not an in this ^wnple; rather, a simultaneous deaning and surfeoe 
conditioning was run (firecUy on the unaltered antimst oil-contaminated test spedmen. 
GOMMIATWE EXAMPLE 6 

A predominantly phosphophyKte powder was prepared in the same manner as 
in Example 1. This powder was ground for about 2 minutes with a mortar, then diluted 
with tap water arKi filtered through 5 pm paper filter, and the filtrate was discarded. The 
powder was thereafter dried for 1 hour at 80 **C. 1 00 g of this dried powder was added 
per 500 g of me product afforded by the preliminary dilution/dissolution to 10 % by weight 
in water of the water-soluble polymer compound reported in Comparative Example 6 of 
Table 2. The surbce conditioning fiquid composition was obtained by adjjustment with 
tap water to give a dried powd^ concentration of 1.0 g/L The average partide size of 
the micropartides in the suspension after adjustment was measured at 6.5 \m using the 
same instrumertt as in Example 1. 

Table 8 reports the coating properties of conversion coatings obtained by zinc 
phosphating treatments that employed surface conditioning baths prepared in working 
Examples 16 - 20. Comparative Example 6 in Table 4 reports the coating properties of 
the conversion coating obtained by a zinc phosphating treatment that employed the sur- 
face conditioning liquid composition prepared in Comparative Example 6. 
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The results m Tables 8 and 4 confirm that the timewise stability, which has been 
a problem for prior-art technologies, is substantially improved in the case of the surface 
condifioning baths according to the present invention. The results In Comparative Ex- 
ampte 3 and Exarrv>le 17 also underscore the effect on the surface conditiontng activity 
or the water-soluble polymer compounds comprising vinyl acetate polymers and deriva- 
tives thereof and copolymers of vinyl acetate and vinyl acetate-copolymerizable mono- 
mer. In addition. Comparative Example 3, although also inferior to Example 16 immedi- 
ateiy after preparation of the surface conditioning liquid composition, nevertheless at that 
point had a surfece conditioning activity that was at least equal to that of Comparative 
Example 1 (prior art). 

However, In the case of Comparative Example 3, miffing of ttie <fivalent or trivalent 
metal phosphate was quite difficult and a sediment of the divalent or trivalent metal 
phosphate was produced in ttie treatment liquid composition after the elapse of 10 days. 
These proUents with Compmtive Example 3 were due to the absence of any acceterant 
component as described above for this invention and the resulting re-aggregation of the 
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divalent or trivalent metal phosphate. Furthermore, atthough this series of examples ex- 
plored variations in the ^pe of water-soluble polymer compound comprising vinyl acetate 
pofymers and derivatives thereof and copolymers of vinyl acetate and vinyl acetate-copo- 
lymerizable monomer, in the type of alkali salt, and In the treatment temperature, no 
changes in activity vvere thereby noted and dense, microfine crystals were produced that 
were equal to or superior to the crystals produced by the prior-art technologies. 

Table 9 reports the compositions of surface conditioning baths used in examples 
according to the present invention when the accelerant component vi^s a polymer that 
included at least one of residues of monomers that conform to general formula (I) as 
given atx>ve or other afi -unsaturated carboxyilc acid monomer residues. Polymer or 
copolymer was prepared ty polymerizing the monomer(s) reported in Table 9 and 
Comparative Exantiple 7 in Table 2 using anrinrioniumpersulf^ Poorlywaten- 
soluble monomer was polymerized after emulsification using a commercial surfiactanL 
WhHe the effiscts of the present invention do not impose narrow lirrritations on the pH of 
the surfiace conditioning liquid composition, in the case of very low pH polymer or copol- 
ymer the pH of the polymer or copolymer was preliminarily adjusted to neutrality using 
sodium hydroxide in order to prevent dissolution of the divalent or trivalent metal phos- 
phate. Tmewise testing in this series was carried out by using the surface corKlitionIng 
liquKl composition after it had been held for 10 days at room temperature after its prep- 
aration. Additional details for particular examples are given below. 
Example 21 

Predominantly phosphophyDite powder was prepared in the same marmer as for 
Example 1, To each 1.0 leg of this powder was added 1.0 g of the product afforded by 
micropartides in the suspension after adjustment was measured at 0.5 pm using the 
same instrument as in Example 1. 
ExAMPl£23 

Prsdominantiy phosphophyllite powder was prepared in the same manner as for 
Example 1 . 25 g of this powder was added per 1 .0 kg of the product afforded by the pre- 
Bminary daution/dissolution of the polymer or copolymer reported in Table 9 to 10 % by 
wei^ in water This was followed by miliing for about 1 hour in a ball mill using ziroonia 
bans with a diameter of 0.5 mm. After milling, tap water was added to ac^ust the pho»- 
phophyiDte concentration in the suspension to 0.5 g/L The average particle size of the 
microparticies in the suspension after adjustment was measured at O.S \im using the 
same bistnofnent as in Example 1. 0.50 g/L of magnesium sulfate heptahydrate reagent 
(dicaH salt) was sSso added and the resulting product was used as the surface condition- 
ing liquid composition. 
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EXAMPLE 24 

A schoizitepovMdervvas prepared in the same mann^ To each 

1.0 kg of this schoUte was added 1.5 g of the product afforded by the preliminary dilu- 
tion/dlssolu6on of the polymer or copolynter reported in Table 9 to 10 % by weight in wat- 
s er. TNs was followed by milling for about 1 hour in a ball mill using zircorua balls with a 
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diameter of 0.5 mm. After milling, tap vwrterwas added to adjust the schoWte concentra- 
tion in the suspension to 10 9^- The average partlde size of the microparticles m the 
suspension after atfjustmem was measured at 0.6 ym using the same Instrument as in 
Example 1. 1.0 grt. of sodium carbonate reagent (alkali salt) was also added and the re- 
sulting product was used as the surface conditioning liquid composition. 
Example 25 

A scholzite po»«ter was prepared in the same manner as for Example 9. To each 
1.0 kg of this schoWte was added 20 g of the product afforded by the preliminary diki- 
tton/dissolutton of the polymer or copolymer reported in Table 9 to 10 % by weight In wat- 
er. This was followed by milling for about 1 hour in a ball mill using zirconia balls with a 
diameterofO^mm. ARar milling, tap water was added to adjust the schoWteconcertra- 
tionkilhesuspenstontoSgn. The average particle size of the microparttoles m the sus- 
pension after adjusiment was measured at 0.6 Mm using the same instniment as in Ex- 
ampto 1. 10 gfl. of tertiary sodium phosphate reagent (alkali salt) v«s also added and 
the resulting product was used as the surface conditioning riquid composition. 

EXAMPLE 26 

1 .0 kg Of reagent grade Zn3(P04)2-4HjO was added per 1 .0 kg of the product af- 
fortled by the preUminary dihition/dissolutkm of the polymer or copolymer reported in 
Tabte 9 to 10 % by weight in water. This was fbflowed by milling fbr about 1 hour in a bad 

mUl using zirconia bate with a dtameter of 10 mm. After milling, tap water was added to 
acQust the Zn^^-^ concenlraSon In the suspension to 1.0 grt- The average part- 
lde size of the micropartfctes In the suspension after adjustment was measured at 1.2 
pm using the same instrument as in Example 1. 5 g/L of sodium metoslBcate reagent 
(alkali salt) and 2 g/L of a commercial polyoxyethylene nonylphenyl ether (surfactant) 
were also added and the resutting product was used as the surface conditioning WqfM 
composlUon. The degreasing step was not nin In this example; rather, a simultaneous 
deanmg and surface oondHtoning was nin directly on the unaltered antinist oil-contamln- 
ated test specimen. 
EXAMPLE 27 

To each 1.0 kg of reagent grade Zn,(P04)2-4H20 wi«s added 50 g of the product 
affbrded by the preBmlnaiy dilution/dissolution of the polymer or copolymer reported in 
TaWe 9 to 10 % by weight in water. This was fbltowed by milling for about 1 hour In a ball 
mill using zirconia balls with a diameter of 0.5 mm. After milling, tap water was added 
to adjust the Zn^^-AUp conoentratfon in the suspension to 1.0 g/U and this suspen- 
sk)n was used as the surface conditioning liqukl composition. The average particte size 
of the rnkaopartictos In the suspension after adjustment v«s measured at 0.5 Mm using 

the same Instrument as in Example 1. 
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COMPARATIVE EXAMPLE 7 

Predominantly phosphophylli^e powder was prepared In the same manner as for 
Example 1. TNs powder was ground for about 2 minutes with a mortar, then diluted with 
tap wsrter and filtered through 5 \m paper filter, and the fUtrate was discarded. The pow- 
der was thereafter dried for 1 hour at 80 ""C. To each 1.0 kg of this dried powder was 
added 100 g of the product afforded by the preliminary dilution/dissolution to 10 % by 
weight In water of the polymer or copolymer reported in Comparative Example 7 of Table 
2, The mixture of dried powder ♦ polymer or copolymer was then adjusted with tap water 
to give a dried powder concentration of 1.0 g/L. and the resulting suspension was used 
as the surfiace oondAtoning liquid composition. The average particle size of the micropar* 
tides in the suspension after adjustment was measured at 6.5 \im using the same 
instrument as in Example 1 

Table 10 reports the coating properties of conversion coatings obtained by zinc 
phosphating treatments that employed surface conditioning baths prepared In working 
examples 21 - 27. Comparative Example 7 in Table 4 reports the coating properties of 
the converston coating obtained by the zinc phosphating treatment that employed the 
surface conditioning liquid composition prepared in Comparative Example 7. 

The results in Tables 10 and 4 confirm that the timewise stability. wWch has been 
a problem for prior-art technologies, is substantially Improved in the case of the surfece 
condittoning baths according to the present invention. The effect of the polymer or 
copolymer on the surface condiOoning activity is also underscored from the results in 
ConqNtfative Example 3, Example 22, and Example 27. 

In additkm. Comparative Example 3. although also inferior to Example 21 
immediately after prepsratton of the surface conditioning liquid composition, nevertheless 
at that point had a surface concfitioning activity that was at least equal to that of Compar- 
ative Example 1 (prior art). However, in the case of Comparative Example 3, milling of 
the divalent or trivalent m^l phosphate was quite difficult and a sediment of the divalent 
or trivalent metal phosphate was produced in the treatment lk|uid composition after the 
elapse of 10 days. These problems virith Comparative Example 3 were due to the ^ 
sence of any acceierant component as defined above for tNs invention Furthermore, al- 
though this series of examples explored variations in the type of polymer or copolymer, 
in the type of alkali salt, and In the treatment temperature, no changes in activity v^re 
thereby noted and dense, mioofine crystals were produced that were equal to or superior 
to the crystals produced by the prior-art technologies. 
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BENEFITS OF THE INVENTION 

The surfeoe oondHioning iiquU composition according to the present invention as 
described hereinabove provides a substantial improvement in timewise stability, which 
has been a problem with the prior-^ titanium colloid technology, and also supports and 
9 enables an additional microfine-slzing of the phosphate coating crystals that has been 
unattainable by the prior itfi As a consequence, technology that uses the surfoce condi- 
tioning liqind composition KcorcSng to the present Invention wll be more economical than 
the prior-art technology and vrftt still be able to provide properties at least as good as the 
prior-art technology. 
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CLAIMS 

1 . A Squid composition ft>r conditioning nietal surfaces prior to phosphate conversion 
coating treatnwnt thereof, said liquid compoation comprising the followtng components: 

(A) a component of stabi/ dispersed, undissolved solid powder that is constituted of 
phosphates that contain at least one divalent or trivalent metal; and 

(B) an accelerant component selected from the group consisting of «ie fbllowing 
subgroups: 

(1) monosaccharides, polysaccharides, and derivatives thereoT. 

orthophosphoric add, condensed phosphoric adds, and organophos- 
phonic add compounds; 

(3) water-soluble polymers that are homopolymers or copolymers of vinyl 
acetate and derivatives of these homopolymers and copolymers; and 

(4) copolymers and polymers as afforded by the polymerization of: 

(a) at least one selecHon from: 

monomers, exclusive of vinyl acetate, that conform to 
general chemical formula (I): 

Hjot-COOf?^ (!)• 
where R^ = HorCH3andR* = H, CitoCj alkyi, or to C5 
hycboxyalkyl; and 

other a,p-unsaturated carboxylic add monomers; arKl. 

optlorMlly. 

(b) not more than 50 % by weight of monomers that are not vinyl 
acetate and are not within the description of part (a) Immediately 
above but m copolymerizable with sakl monorners that are withh 
the description of said part (a). 

2. A liquid composition according to daim 1 , additionally comprising a component 

(C) of alkaliniztng aflcali metal, ammonium, or both alkali metal and ammonium salt 
dissdved in the compositkm. 

3. A Kquid oomposltk>n acoordng to daim 2, wherein: 

there is a oonoentratton of from 0.001 to 30 g^L of conrtponent (A) that has a 
partide size not more than 5 pm; 

there is a concentration of component (B) that is from 0.001 to 2.0 ppt; and 
there is a concentration of component (C) that is from 0.5 to 20 g/L 

4. A iqdd composition according to daim 3, wherein there is a ooncentralk>n of from 
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0.10 to 30 g/L of component (A) that has a particle size not more than 1 .7 \m, 

5. A liquid composition according to claim 1 , wherein: 

there is a concentration of from 0.001 to 30 g/L of component (A) that has a 
particle size not more than 5 ytn; and 

there is a concentration of component (B) that is from 0.001 to 2.0 ppL 

6. A liquid composition according to daim 5, wherein there Is a concentration of f^ 
0.10 to 30 g/L of component (A) that has a particle size not more than 1.7 |jm. 

7. A Uquid composition according to any one of claims 1 through 6, wherein at least 
part of both components (A) and (B) have been introduced Into said composition by 
grinding a mixture of a sofid material of component (A) and a solution in water of a 
material of componert (B) and either utilizing said mixhjre after grinding as said liquid 
composition or mixing said mixhire after grinding with one or more other liquids to Ibrm 
said liquid conY>osition. 

6. A process for conditioning a metal surtace prior to the phosphate conversion 
coalino treatment thereof t^ effecting contact between said metal surtace and a surface 
conditioning liqufd composition according to daim 7 prior to the formation of a phosphate 
corrversion coating on said metal surface. 

g. A process for conditioning a metal surface prior to the phosphate conversion 
coating treatment thereof by effecting contact between said metal surface and a surface 
conditioning liquid composition according to any one of daims 1 through 6 prior to the 
fbrmation of a phosphate conversion coating on said metal surfaoe. 

10. A process according to daim 9, wherein prior to the formation of a phosphate 
conversion coating on the metal surt^, the metal surface is simultaneously activated 
and cleaned by contad with a surface conditioning Uquid composition that addttionaUy 
comprises nonionic surfactant, anionic surfactant, or a mixture thereof. 

11. A process according to daim 8, wherein prior to the fomiafion of a phosphate 
conversion coating on the metal surtace, the metal surface is simultaneously activated 
and cleaned contact with a surface conditioning liquid composition ttiat additionally 
comprises nonionic surfactant, anionic surfactant, or a mixture thereof. 
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